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ABSTRACT
Remission is the optimum treatment target for patients with rheumatoid arthritis. With the advent 
of biologic therapies, and the use of treat to target strategies, many more patients are achieving 
remission. Once a patient has achieved a period of sustained remission, there is little to guide 
subsequent management and patients usually continue treatment long-term. This may be inap-
propriate. Recent evidence suggests that some patients may be able to reduce or even stop therapy 
KRZHYHUWKHLGHDOSDWLHQWSUR¿OHLV\HWWREHGHWHUPLQHG3RWHQWLDOSUHGLFWRUVKDYHEHHQLGHQWL-
¿HGKRZHYHUKDYHQRWHQWHUHGURXWLQHFOLQLFDOSUDFWLFH7KHUHLVDQHHGIRUUREXVWELRPDUNHUVWR
facilitate the prediction of successful tapering.
KEY WORDS: Rheumatoid arthritis (RA); Remission; Tapering.
ABBREVIATIONS: RA: Rheumatoid Arthritis; DAS: Disease Activity Score; T2T: Treat to Target; 
LDA: Low Disease Activity; $&3$$QWL&LWUXOOLQDWHG 3URWHLQ$QWLERG\ EULAR: European 
League Against Rheumatism; TNFi: Tumour Necrosis Factor inhibitors; RCTs: Randomised 
Controlled Trials.
BACKGROUND
5KHXPDWRLGDUWKULWLV5$D൵HFWVXSWRRILQGLYLGXDOVZRUOGZLGHDQGLVDFKURQLFLPPXQH
PHGLDWHGV\VWHPLFGLVHDVHFKDUDFWHULVHGE\DV\PPHWULFDOLQÀDPPDWRU\SRO\DUWKURSDWK\1 The 
primary pathology is synovitis, which results in joint destruction.2 This occurs as a result of 
immune system dysfunction, in which loss of self-tolerance triggers antibody production and 
F\WRNLQHPHGLDWHGV\QRYLDOSUROLIHUDWLRQ3
Sub-optimal treatment of RA results in substantial joint pain, disability, adverse social conse-
quences and increased mortality compared to the general population.2 Furthermore, RA is a dis-
ease of considerable socioeconomic burden.4,5 Since there is no cure, the optimum treatment 
target is remission,6FODVVLFDOO\GH¿QHGDVDGLVHDVHDFWLYLW\VFRUH'$6RIIDLOLQJWKLV
DVWDWHRIORZGLVHDVHDFWLYLW\/'$'$677KLVLQYROYHVWKHUDSLGFRQWURORILQÀDP-
mation to prevent structural damage and maintain function. In clinical practice this is usually 
achieved through treat to target (T2T) strategies, which employ strict monitoring of disease ac-
WLYLW\XVLQJFRPSRVLWHPHDVXUHVHJ'$6DQGIRFXVRQVXFFHVVLYHHVFDODWLRQRILPPXQRVXS-
pressive agents (conventional synthetic and biologic disease modifying drugs (csDMARDs and 
bDMARDs respectively), used alone or in combination).
$OWKRXJK77 VWUDWHJLHV KDYH OHG WR VLJQL¿FDQW LPSURYHPHQWV LQ SDWLHQW RXWFRPHV10-12 there 
is little to guide clinical practice on how to manage remission once it has been achieved. Ap-
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SUR[LPDWHO\  RI SDWLHQWV DFKLHYH VXVWDLQHG UHPLVVLRQ
(6 months or longer) following treatment.13 Typically these pa-
tients continue their immune-modulatory treatment long-term, 
which may be inappropriate. For those who achieve sustained 
'$6UHPLVVLRQFOLQLFDOH[SHULHQFHFRPELQHGZLWKGDWDIURP
de-escalation and registry studies suggest that treatment may be 
optimised through either dose tapering (de-intensifying treat-
ment) or discontinuation, whilst maintaining the same treatment 
goals.13-15 However, it is unclear whether successful drug cessa-
WLRQ LVDFRQVHTXHQFHRI WKHQDWXUDOGLVHDVHFRXUVHRU LV LQÀX-
HQFHGE\WUHDWPHQWUHJLPH3DWKRJHQHWLFDQGHQYLURQPHQWDOIDF-
tors e.g. shared epitope status, anti-citrullinated protein antibody 
$&3$SRVLWLYLW\ DQG VPRNLQJ VWDWXVPD\DOVREH VLJQL¿FDQW
contributors to the outcome.16
Both the European League Against Rheumatism (EULAR) and 
the American College of Rheumatology (ACR) recommend ta-
pering of treatment after the achievement of remission not LDA 
GXH WR WKH SUHVHQFH RI UHVLGXDO LQÀDPPDWLRQ 7KH\ DGYLVH D
VSHFL¿FVHTXHQFHRIUHGXFWLRQEDVHGRQFRVWDQGH൵HFWLYHQHVV
(starting with corticosteroids, bDMARDs then csDMARDs). 
They also highlight that the basis of this decision should be a 
combination of patient preference and physician judgement. 
+RZHYHU WKHUH LV D ODFN RI FRQVHQVXV RQ KRZ WR GHOLYHU WKLV
approach.7REHDEOH WRR൵HU WDSHULQJRUGLVFRQWLQXDWLRQRI
bDMARDs, clinicians need to be able to identify the ideal pa-
WLHQWSUR¿OHXVLQJUREXVWELRPDUNHUVZKLFKFDQSUHGLFWVXFFHVV-
ful tapering.
In addition to describing the rationale for tapering and provid-
ing a summary of existing studies, this review aims to present 
HYLGHQFHIRUWKHXVHRIPRUHREMHFWLYHELRPDUNHUVWRSUHGLFWVXF-
cessful tapering and potentially discontinuation of bDMARDs 
(with a focus on tumour necrosis factor inhibitors, TNFi) for RA 
patients in stable remission.
WHY TAPER?
The concept of dose tapering (towards discontinuation), for bD-
MARDs is appealing for several reasons. First, maintaining full 
doses of treatment in patients who are well could be regarded 
as over-treatment, potentially subjecting them to an unnecessary 
ULVNRIWR[LFLW\$OWKRXJKWKHDGYHUVHH൵HFWVRIE'0$5'VUH-
SRUWHGLQFOLQLFDOWULDOVLVJHQHUDOO\ORZWKH\FDQSRVHDVLJQL¿-
FDQW VDIHW\ ULVNRIDGYHUVH UHDFWLRQVSDUWLFXODUO\ LQIHFWLRQDQG
malignancy (dose-dependent) plus neurological and cardiovas-
cular morbidity. This is particularly relevant for inhibitors 
TNFis. bDMARDs are also associated with high costs, being 
more expensive than csDMARDs.21,22 From a patients perspec-
tive, patients who are well frequently express the desire to re-
duce their treatment or have a drug-holiday due to the burden 
RIWDNLQJWDEOHWVVHOILQMHFWLQJDQGFRQFHUQVUHJDUGLQJORQJWHUP
VLGHH൵HFWV23,24 This frequently leads to poor adherence to thera-
S\ZLWKSDWLHQWVVHOIGLVFRQWLQXLQJWUHDWPHQWLQRIFDVHV25 
7KLVSRVHV WKHULVNRI LQFUHDVHGPRUELGLW\ WKURXJKVXEVHTXHQW
loss of disease control when not based on predictive criteria.
There is also a separate pharmacodynamic rationale supporting 
targeted dose-tapering of bDMARDs in a proportion of patients. 
bDMARDs classically manifest their action after achieving a 
minimal serum drug concentration, which is maintained over a 
VSHFL¿FWLPHLQWHUYDOEHWZHHQWZRFRQVHFXWLYHDGPLQLVWUDWLRQV
The half-life and volume of distribution of the drug may vary 
between patients, therefore the dose required to achieve the 
minimum serum drug concentration can also vary.26 Therefore, 
SDWLHQWV VKRXOGEH DEOH WR WDSHU GRZQXQWLO DPLQLPXPH൵HF-
tive concentration is reached. The minimum serum drug con-
centration can also vary between patients; thus each patient is 
thought to have their own dose-response curve. Several varia-
tions may be possible, as described by Fautrel et al. Conceptu-
ally, some patients have an average response curve, meaning that 
WKH\FRXOGFRQVLGHUWDSHULQJDVWKHFOLQLFDOH൵HFWLVQRWUHODWHG
to treatment. Others may have a good response to a lower dose 
(left-shift), therefore may be subject to over-treatment using cur-
rent treatment strategies or a good response to a higher dose only 
(right-shift). To complicate matters, some patients may achieve 
only a partial response, or no response at all, therefore poten-
WLDOO\VXEMHFWLQJSDWLHQWV WRDQLQFUHDVHGULVNRIPRUELGLW\GXH
WRODFNRIUHVSRQVH,QWKLVFDVHLWPD\EHSODXVLEOHWRFRQVLGHU
switching to an alternative drug. A potential issue to consider 
ZKHQWDSHULQJLVWKHµQRFHER¶H൵HFWLQZKLFKDUHGXFHGGRVHLV
perceived as inferior, thus resulting in a perceived deterioration 
RIGLVHDVHFRQWURO7KHUHLVDOVRDULVNRIDWWULEXWLRQZKHQDGLV-
HDVHÀDUHIROORZLQJGRVHWDSHULQJLVDWWULEXWHGWRWKHORZHUGRVH
when, in fact it may be a result of the natural disease course.21
Conversely, there is the danger that tapering of therapy leads to 
PRUH IUHTXHQW GLVHDVH ÀDUHV ZLWK LPSDFW RQ D SDWLHQW¶V TXDO-
ity of life and function. There is also the concern that disease 
control may not be re-captured with the re-commencement of 
prior therapy, thus accelerating disease progression.21 Reassur-
ingly, however, evidence suggests that control is re-captured in 
DSSUR[LPDWHO\RISDWLHQWVZLWKLQPRQWKV and is 
not associated with more adverse events or higher immunoge-
nicity.
Overall, it is felt that tapering, especially when evidence based, 
VKRXOGUHSUHVHQWDEHWWHUULVNEHQH¿WSUR¿OHPDLQWDLQLQJFOLQL-
cal response with more targeted and a shorter duration of ther-
DS\ZKLOVWUHGXFLQJWKHULVNRIPHGLFDWLRQLQGXFHGVLGHH൵HFWV
DQGDGYHUVHRXWFRPHVZKLOVWEHLQJFRVWH൵HFWLYH
HOW TO TAPER?
'RVHWDSHULQJGLVFRQWLQXDWLRQ RI E'0$5'V has been tested 
in RA patients in both observational studies and randomised 
controlled trials (RCTs). Several possible strategies have been 
employed including drug withdrawal upon achievement of treat-
PHQWWDUJHWDQG¿[HGGRVHUHGXFWLRQE\HLWKHUKDOYLQJWKHGRVH
or increasing the time interval between doses (dose-spacing) 
(Figure 1). Dose spacing is generally more favourable and prac-
tical, since half-doses are not always available. This is true for 
SUH¿OOHGV\ULQJHV$KDOIGRVHVWUDWHJ\PD\EHPRUHIHDVLEOHIRU
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,9WKHUDS\RUZKHUHKDOIGRVHVDUHDYDLODEOHHJ(WDQHUFHSW
Enbrel). Another possible strategy is a step-wise dose-reduction 
RIWUHDWPHQWXQWLOWKHGUXJLVGLVFRQWLQXHGRUDGLVHDVHÀDUHRF-
curs (disease activity guided). Fixed-dose reduction and open-
label disease activity guided dose optimisation have largely been 
found to be non-inferior to continuation. Disease activity 
guided tapering is considered to be the best strategy for clinical 
practice. In general, direct withdrawal is considered inferior to 
other methods.
Drug Withdrawal/Stopping
6HYHUDO VWXGLHV KDYH DQDO\VHG WKH H൵HFWV RI E'0$5' ZLWK-
drawal in RA patients, the majority of which involve TNFis. 
They predominantly include patients with early RA and active 
disease who underwent remission induction with a bDMARD in 
order to achieve remission or LDA, followed by treatment with-
drawal.6 In the majority, direct discontinuation of a bDMARD 
OHDGV WR GLVHDVH ÀDUH LQ PDQ\ SDWLHQWV30,33-35 however; a small 
SURSRUWLRQPD\DFKLHYHGUXJIUHHUHPLVVLRQ16
7KH¿UVWE'0$5'ZLWKGUDZDOVWXG\E\4XLQQHWDOVWXGLHG
early RA patients in a double-blind RCT. They demonstrated 
WKDWWUHDWPHQWZLWKPHWKRWUH[DWH07;SOXVLQÀL[LPDE,);
produced rapid improvements in disease activity, physical func-
tion and MRI synovitis scores compared to MTX alone. IFX 
ZDVVWRSSHGDIWHU\HDURISDWLHQWVKDGVXVWDLQHGFOLQLFDO
response and maintenance of quality of life and function at 12 
months.36 Similarly, the RRR study aimed to investigate whether 
IFX (concomitant MTX) could be stopped in patients with per-
VLVWHQW/'$'$6IRU!ZHHNV2XWRISDWLHQWV
GLVFRQWLQXHG,);DQGUHDFKHG'$6UHPLVVLRQZLWK-
in 1 year.37
7KH ,'($VWXG\DZHHNGRXEOHEOLQG5&7FRPSDUHG UH-
mission induction with MTX plus IFX versus MTX plus high-
dose IV methylprednisolone for early RA patients. Those in 
'$6UHPLVVLRQDWZHHNVVWRSSHG,);07;SOXV
IFX was not statistically superior to MTX plus IV steroid in a 
77DSSURDFKRISDWLHQWVWKDWGLVFRQWLQXHG,);UHPDLQHG
in remission until the end of the study.
In the Hit Hard study, a double-blind RCT, very early RA pa-
tients were randomized 1:1 to receive MTX plus placebo ver-
VXV07;SOXVDGDOLPXPDE$'$IRUZHHNV IROORZHGE\
ADA discontinuation, irrespective of disease activity. MTX 
ZDVFRQWLQXHGIRUPRQWKV5HPLVVLRQUDWHVDWZHHNZHUH
VLJQL¿FDQWO\ KLJKHU LQ WKH$'$ JURXS  p  07;
PDLQWHQDQFHWKHUDS\ZDVH൵HFWLYHLQDVLJQL¿FDQWSURSRUWLRQRI
patients for sustaining remission following cessation of ADA. 
Radiographic progression (assessed by the Sharp-van der Heijde 
score) was slightly higher in the MTX group. A similar study 
237,0$LQYHVWLJDWLQJWKHZLWKGUDZDORI$'$IRUSDWLHQWVLQ
VWDEOH /'$ '$6&53 DW ZHHNV IRXQG WKDW SDWLHQWV
ZHUHPRUHOLNHO\WREHLQ/'$vsDQGUHPLVVLRQ
vsDWZHHNVLIWKH\FRQWLQXHG$'$FRPSDUHGWRVWRS-
ping).40 These results are supported by an observational study 
of ADA discontinuation for established RA patients (following 
RSHQODEHO07;SOXV$'$IRUZHHNVZHUH LQ/'$
DQGLQUHPLVVLRQDFFRUGLQJWR'$6DWHQWU\$W\HDU
SDWLHQWVZHUHPRUHOLNHO\WREHLQ/'$vsDQGUHPLV-
sion (76 vsLI$'$ZDVFRQWLQXHG,QFUHDVHUDGLRJUDSKLF
progression was noted for the MTX monotherapy group, during 
the initial RCT.41
,Q WKH (03,5( VWXG\ WKH H൶FDF\ RI (71 SOXV 07; YHUVXV
MTX monotherapy (plus placebo) was compared for patients 
ZLWKHDUO\ LQÀDPPDWRU\DUWKULWLV3DWLHQWVFRQWLQXHG WUHDWPHQW
XQWLOWKH\KDGQRWHQGHURUVZROOHQMRLQWVIRUZHHNVDQGDW
ZHHNVDOOSDWLHQWVVWRSSHG(71DQGSODFHER07;ZDVGLVFRQ-
WLQXHGLISDWLHQWVZHUHLQ'$6UHPLVVLRQIRUZHHNV(DUO\
treatment with ETN did not increase the chance for drug-free 
*ETN=Etanercept; ADA=Adalimumab; S/c=Subcutaneous; DAS28=Disease Activity Score.
Figure 1: An Example of Tapering for Clinical Practice by Fixed-Dose Reduction, by Half Dosing or Dose-Spacing.
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remission.42
For non-TNFis, the CERTAIN study was a small observational 
study involving 23 patients initially treated with certolizumab 
SHJRO&=3DQG07;&=3ZDVGLVFRQWLQXHGLQSDWLHQWVZKR
achieved remission according to the clinical disease activity in-
GH[VFRUH&'$,2QO\UHPDLQHGLQUHPLVVLRQDW
months.43 The DREAM study was a single-arm study in which 
SDWLHQWVZLWKHVWDEOLVKHG5$ZHUHLQLWLDOO\WUHDWHGZLWKWR-
cilizumab (TCZ) monotherapy. TCZ was discontinued at enroll-
PHQWLISDWLHQWVZHUHLQ'$6UHPLVVLRQ/'$$W\HDUIROORZ
XSRQO\ZHUHLQUHPLVVLRQDQG/'$44 In the AVERT 
VWXG\HDUO\5$SDWLHQWVLQLWLDOO\WUHDWHGZLWKVXEFXWD-
neous abatacept (ABA) plus MTX, ABA monotherapy or MTX 
monotherapy for 12 months) discontinued ABA once LDA was 
achieved. At 6 months, more patients were in remission in the 
$%$JURXSVFRPSDUHGWRWKH07;JURXSYHUVXV45
Dose Reduction or Spacing
7KH35,=(VWXG\LVDGRXEOHEOLQG5&7RI(71YHUVXVVWDQGDUG
RIFDUHLQHDUO\5$SDWLHQWV3DWLHQWVUHFHLYHG(71PJZHHN
SOXV 07; WR LQGXFH UHPLVVLRQ '$6(65 RYHU  ZHHNV
2YHUDFKLHYHGUHPLVVLRQ3DWLHQWVZHUHVXEVHTXHQWO\UDQ-
domized to receive either half dose ETN plus MTX, placebo 
SOXV07;RUSODFHERDORQHIRUZHHNV5HPLVVLRQUDWHVZHUH
DQG UHVSHFWLYHO\ GHPRQVWUDWLQJ WKDW WKH OHYHO
of treatment reduction was associated with loss of remission in 
this cohort. Withdrawal of ETN was possible in less than half of 
patients and drug-free remission in a quarter of patients only.46
,Q WKH 35(6(59( VWXG\ HVWDEOLVKHG 5$ Q  SDWLHQWV UH-
FHLYLQJ(71PJZHHNZLWK07;ZHUHUDQGRPL]HGWRHL-
WKHUVWRS WDSHU PJZHHNRUFRQWLQXH WUHDWPHQWEDVHGRQ
WKH DFKLHYHPHQW RI /'$ '$6$IWHU VWRSSLQJ (71 
RISDWLHQWV UHPDLQHG LQ/'$DW\HDU DQGIRU WKH
continuing and tapering groups respectively). Radiographic pro-
gression was reduced in the ETN groups. It was found that stop-
SLQJ(71ZDVDVVRFLDWHGZLWK VLJQL¿FDQWSURJUHVVLRQRI MRLQW
damage.30
DOSERA is a double-blind RCT in which established RA pa-
tients receiving either ETN + MTX were randomized to either 
continue full dose treatment or reduce to half the dose or stop. 
$IWHU\HDURISDWLHQWVRQIXOOGRVHDQGRQKDOIGRVH
PDLQWDLQHG/'$2QO\RI WKRVHZKRVWRSSHGPDLQWDLQHG
LDA.33
,Q WKH '5(66 VWXG\ SDWLHQWV ZLWK HVWDEOLVKHG 5$ ZKR
DFKLHYHG /'$ '$6(65!  PRQWKV RQ 07; SOXV HLWKHU
ETN or ADA were randomized 2:1 to gradually taper the bD-
MARD by increasing the time interval versus continuing treat-
PHQW $IWHU  PRQWKV WKH WDSHULQJ VWUDWHJ\ ZDV VKRZQ WR
EH QRQLQIHULRU ZLWK UHVSHFW WR LQFUHDVH LQ ÀDUH '$6(65
FKDQJH! RU '$6(65 LQFUHDVH RI  DQG FXUUHQW '$6-
(6532
The STRASS study investigated the possibility of DAS-driven 
dose-spacing of TNFi injections, according to the T2T strategy. 
3DWLHQWV ZLWK HVWDEOLVKHG 5$ LQ '$6(65 UHPLVVLRQ 
over 6 months were treated with either ADA or ETN (alone or in 
combination with csDMARD). 137 patients were randomized to 
continue full dose TNFi or spacing of the dosing interval. In the 
case of loss of remission, the last dosing regimen was re-intro-
GXFHGRISDWLHQWVZHUHDEOHWRVWRSWKH71)LLQWKHWDSHULQJ
DUP ZKLOVW PDLQWDLQLQJ UHPLVVLRQ  FRXOG WDSHU KRZHYHU
not discontinue treatment. The others resumed full treatment.31
In the BeSt study, four dynamic treatment strategies were com-
pared for the induction of remission for patients with sustained 
UHPLVVLRQ'$6RYHUPRQWKV'0$5'VZHUHWDSHUHG
DQG VWRSSHG ZLWK E'0$5'V VWRSSHG ¿UVW IROORZHG E\ FV'-
MARDs: arm 1, sequential monotherapy (n=126); arm 2, step 
up combination therapy (n=121); arm 3, initial combination 
therapy with prednisolone (n=133) and arm 4, initial combina-
WLRQWKHUDS\ZLWK07;DQG,);$SSUR[LPDWHO\KDOIRI
patients reached remission. Drug-free remission was achieved in 
LQDUPLQDUPLQDUPDQGDUP
relapsed, the majority of which regained remission when intro-
ducing the last therapeutic regimen.
The RETRO study is an RCT comparing treatment strategies in 
HVWDEOLVKHG5$SDWLHQWVLQ'$6(65UHPLVVLRQRYHUPRQWKV
3DWLHQWV ZHUH UDQGRPL]HG WR HLWKHU FRQWLQXH FV'0$5'V DQG
E'0$5'VWDSHUE\RUVWRSDIWHUDPRQWKWDSHULQJSKDVH
5HODSVHUDWHVZHUHORZLQWKHFRQWLQXDWLRQDUPDQGKLJKHU
LQWKHWDSHULQJDQGVWRSSLQJDUPV0RUHWKDQKDOI
of patients maintained their remission state.
,QWKH$*5((VWXG\SDWLHQWVZLWKHDUO\5$LQ'$6UH-
mission were randomized 1:1 to standard versus half dose IV 
ABA. They initially received treatment in combination with 
MTX for 1 year. Remission rates were slightly higher in the full 
GRVHDUPYHUVXV50
Although, general conclusions can be drawn from these studies, 
it is important to recognize that several limitations exist, con-
tributing to variability in outcomes. Considerable heterogeneity 
exists in terms of the methods used, criteria used for patient se-
OHFWLRQDQGGH¿QLWLRQVRIÀDUHVXVWDLQHGUHPLVVLRQ,QDGGLWLRQ
PRVW VWXGLHV KDYH XVHG WKH $&5 FODVVL¿FDWLRQ FULWHULD51 
IRU5$ZKLFKFRQVHTXHQWO\PD\KDYHOHGWRPLVFODVVL¿FDWLRQRI
some patients.16
WHO AND WHEN TO TAPER?
'HVSLWH WKH UHFRJQLVHGEHQH¿WVRIE'0$5'WDSHULQJDQG WKH
evidence to support its implementation in a proportion of pa-
tients, there is a paucity of evidence to guide clinicians on such 
a change in treatment focus.52
Logically, tapering should only be applied in patients who have 
achieved their target treatment goal. As demonstrated by the 
existing studies, the best target population for tapering are pa-
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WLHQWVLQDVXVWDLQHGVWDEOHVWDWHLGHDOO\UHPLVVLRQGH¿QHGFOLQL-
cally (based on clinical experience and data from clinical tri-
als). The majority of clinical trials exploring bDMARD 
discontinuation or tapering have done so based on patients 
DFKLHYLQJVXVWDLQHG'$6/'$RUUHPLVVLRQRYHUDSHULRGRI
6 months.&XUUHQWHYLGHQFH VXJJHVWV WKDWSDWLHQWV LQ'$6
remission are heterogeneous in terms of clinical, immunological 
and imaging characteristics, with a proportion of patients still 
GLVSOD\LQJ FOLQLFDO VLJQV DQG V\PSWRPV RI LQÀDPPDWLRQ DQG
sub-clinical synovitis on US.53 Furthermore, radiographic pro-
gression has been demonstrated in some patients.54 It has there-
IRUHEHHQVXJJHVWHGWKDW'$6PD\DFWXDOO\UHSUHVHQWPLQLPDO
disease activity rather than a true state of remission and is not the 
best selection criteria for tapering.6 Most studies of bDMARD 
WDSHULQJZHUHFRQGXFWHGSULRUWRWKHGHYHORSPHQWRIWKH$&5
Boolean remission criteria however, the RETRO study did not 
¿QG DQ\ DGGLWLRQDO EHQH¿W LQ XVLQJ WKLV VWULFWHU GH¿QLWLRQ WR
LGHQWLI\ SDWLHQWV VXLWDEOH IRU FV'0$5'E'0$5' WDSHULQJ 
ZKHUHDV35,=(GLG46
&RQVHTXHQWO\WKHUHLVDQHHGWRGH¿QHUHPLVVLRQPRUHSUHFLVHO\
WRUHÀHFWLQÀDPPDWLRQDWWKHVLWHRISDWKRORJ\7KHUHLVDQDEXQ-
dance of literature proposing both imaging and immunological 
ELRPDUNHUV HLWKHU DORQH RU LQ FRPELQDWLRQ WR FKDUDFWHUL]H D
true remission state however, none have entered routine clini-
FDOSUDFWLFH7KHQRWLRQRIµGHHS¶UHPLVVLRQGH¿QHGFOLQLFDOO\
DVD'$6KDVEHHQVXJJHVWHGDQGWKRXJKWWRUHÀHFWWKH
DEVHQFHRIELRORJLFDOLQÀDPPDWLRQ55 (not routinely used in prac-
WLFH0RUHVSHFL¿FDOO\WKHQRWLRQRIPROHFXODULPPXQRORJLFDO
UHPLVVLRQ 5)RU$&3$QHJDWLYLW\RUHYLGHQFHRI VHURFRQYHU-
sion) has been proposed. Recently, the concept of deep remission 
KDVEHHQLQWURGXFHGWRPRUHFORVHO\GH¿QHDWUXHVWDWHRIUHPLV-
VLRQRILQÀDPPDWLRQZKLFKLQYROYHVWKHFRPELQHGDFKLHYHPHQW
RIFOLQLFDOLPDJLQJVHURORJLFDOQRUPDOLQÀDPPDWRU\PDUNHUV
and negative autoantibodies i.e., a state where synovitis has been 
completely suppressed.6
)XUWKHUZRUNLVQHHGHGWRGHYHORSDXQLIRUPVHWRIUHPLVVLRQFUL-
WHULDXVLQJYDOLGDWHGPHDVXUHVELRPDUNHUV WRKHOSLGHQWLI\WKH
EHVWWDUJHWSRSXODWLRQIRUWDSHULQJ2QHPXVWDOVRNHHSLQPLQG
the transferability of such measures to clinical practice.
PREDICTORS OF SUCCESSFUL TAPERING/DISCONTINUATION
,QRUGHUWRGH¿QHWKHUHPLVVLRQVWDWHPRUHREMHFWLYHO\LWLVFULWL-
cal to identify independent predictors of disease relapse to help 
inform tapering decisions. Response prediction is well estab-
lished in other medical specialties e.g., Oncology, where Her2 
receptor expression is used to assess response to trastuzamab in 
breast cancer.56$OWKRXJKVHYHUDOSRWHQWLDOELRPDUNHUVKDYHEHHQ
SURSRVHGWRGDWHQRVLQJOHFOLQLFDOO\XVHIXOEDVHOLQHPDUNHUKDV
EHHQLGHQWL¿HGWRSUHGLFWVXFFHVVIXOWDSHULQJRIE'0$5'V57
Clinical and Demographic Predictors
$QXPEHURIFOLQLFDOSUHGLFWRUVKDYHEHHQLGHQWL¿HGZKLFKPD\
DLG WKH GHFLVLRQ PDNLQJ SURFHVV /RQJHU GLVHDVH GXUDWLRQ KDV
EHHQVKRZQWREHDFUXFLDOULVNIDFWRUIRUSURJUHVVLYHGLVHDVH52 
6SHFL¿FDOO\ WKH+2125VWXG\GHPRQVWUDWHG WKDW VKRUWHUGLV-
ease duration was a baseline predictor for ADA free remission.41 
7KLV LV VXSSRUWHGE\ WKHSUHOLPLQDU\DQDO\VHV IURP WKH32(7
study.
7KHVH ¿QGLQJV VXSSRUW WKH µZLQGRZ RI RSSRUWXQLW\¶ K\SRWK-
esis that aggressive therapy in the early stage of disease can 
OHDGWRLPSURYHGRXWFRPHVDQGVXVWDLQHGEHQH¿WWKHOLNHO\UHD-
son being that there is potential reversibility of autoimmunity in 
the early stages of disease. It is therefore regarded that remission 
induction during this phase increases the chance of successful 
tapering of bDMARDs to maintenance therapy. This reversibil-
ity of autoimmunity decreases over time, contributing to chronic 
V\QRYLWLVODVWLQJF\WRNLQHDEQRUPDOLWLHVDQGVWUXFWXUDOSURJUHV-
VLRQ7RWKLVHQG WKHH൶FDF\RI WKHUDSLHVPD\EHOHVVIRUSD-
WLHQWVZLWKFKURQLFGLVHDVHSURYLGLQJRQO\PRGHUDWHEHQH¿WDQG
less of a chance of drug free remission.16 This concept is sup-
SRUWHGE\ WKHREVHUYDWLRQ WKDW WKHUDSHXWLFUHVSRQVH LQ WKH¿UVW
3 months of treatment can predict the potential for achieving 
remission later.61
Baseline disease activity and the quality of clinical remission 
has also been shown to be predictive of successful discontinua-
tion of TNFis.556SHFL¿FDOO\WKHFXWR൵SRLQWVLQWKH555DQG
+2125VWXGLHVZDVDEDVHOLQH'$6VFRUHRIDQG
respectively, supporting the notion that deep remission i.e. no 
UHVLGXDO LQÀDPPDWLRQ LVQHFHVVDU\IRUVXFFHVVIXOGLVFRQWLQXD-
tion.37,41,QWKH237,0$VWXG\JRRGEDVHOLQHIXQFWLRQDOVWDWXV
at discontinuation of ADA, as assessed by standardized patient 
reported outcome measures, was found to predict sustained low 
disease activity.40 El Miedany et al also found that worsening 
IXQFWLRQDO GLVDELOLW\ LV DVVRFLDWHG ZLWK GLVHDVH ÀDUH55 Similar 
¿QGLQJVZHUHIRXQGLQWKH$9(57VWXG\45 In addition, longer re-
PLVVLRQGXUDWLRQORQJHUGXUDWLRQRI71)LWKHUDS\QRQVPRNLQJ
status, negative shared epitope, younger age and female gender 
have been shown to be predictive of successful discontinuation 
of TNFis.37,47,62 Barral et al recently conducted a study to develop 
a predictive score for successful TNFi tapering, based on clini-
FDODVVHVVPHQWV7KH\IRXQGWKDWEDVHOLQH+$4DQG&53ZHUH
independent predictors. They have developed a composite score 
ZLWKDQ$8&RIDQGVSHFL¿FLW\KRZHYHUWKLVQHHGV
validation.63
7KH W\SH RI E'0$5' XVHG PD\ DOVR LQÀXHQFH WKH DELOLW\ WR
VXFFHVVIXOO\WDSHU1RJUHDWGL൵HUHQFHVKDYHEHHQLGHQWL¿HGEH-
tween TNFis however; the DREAM study demonstrated high 
relapse rates for patients treated with tocilizumab. It has been 
suggested that standardised treatment regimens may in fact over 
WUHDW DSURSRUWLRQRISDWLHQWVE\XVLQJ WKHPD[LPXPH൵HFWLYH
dose at group level.
Imaging Predictors
3K\VLFDOH[DPLQDWLRQLVNQRZQWRKDYHDORZVHQVLWLYLW\IRUWKH
detection of mild synovitis, such as that found in clinical remis-
sion, however,64PXVFXORVNHOHWDO86KDVSURYHQWREHDQH[FHO-
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OHQWWRROWRLGHQWLI\VXEFOLQLFDOLQÀDPPDWLRQ53 
7KH UROH RI LPDJLQJ LQ 5KHXPDWRORJ\ KDV JDLQHG VLJQL¿FDQW
interest since several studies found an association between re-
VLGXDOV\QRYLWLVWKHULVNRIUHODSVHDQGVWUXFWXUDOGDPDJH2QH
meta-analysis65GHVFULEHVWKDWRISDWLHQWVFRQVLGHUHGWREH
LQFOLQLFDO UHPLVVLRQKDGV\QRYLDOK\SHUWURSK\ZLWK3'VLJQDO
when assessed with US. In accordance with other studies, these 
¿QGLQJ DSSHDU WR EH WKH UHDVRQ ZK\ UDGLRJUDSKLF SURJUHVVLRQ
occurs in many cases.66
Since US has demonstrated to be a reliable method of predicting 
relapse in patients in clinical remission,67 there is interest in us-
ing this tool to identify patients who may taper biologic therapy. 
$SURVSHFWLYHVWXG\IURP,WDO\GHPRQVWUDWHGWKDW3'V\QRYLWLV
was a good predictor of relapse within six months. They also 
GLVFRYHUHGWKDWWKHDEVHQFHRI3'VLJQDOZDVDVVRFLDWHGZLWKD
PRUHVWDEOHUHPLVVLRQVWDWHLQRYHURIFDVHV
)LYHPDLQVWXGLHVKDYHDVVHVVHGWKHYDOXHRIPXVFXORVNHOHWDO86
during tapering of bDMARDs in RA. Iwamoto et al followed 42 
SDWLHQWVZLWKHVWDEOLVKHG5$LQ'$6UHPLVVLRQDIWHUGLVFRQ-
WLQXDWLRQRIE'0$5'7KH\FRQ¿UPHG WKH VXSHULRULW\RI3'
86RYHU'$6FRQFHUQLQJUHODSVHSUHGLFWLRQDQGDOVRIRXQG
that grey scale synovial hypertrophy has a predictive value for 
ÀDUH1DUHGRHWDOVKDUHGVLPLODU¿QGLQJV70 They reported that 
3'V\QRYLWLVZDVDEOHWRSUHGLFWIDLOXUHRIE'0$5'WDSHULQJ
IRU5$SDWLHQWVLQUHPLVVLRQ7KH\DOVRKLJKOLJKWWKDWWKHULVNRI
UHODSVHLVLQFUHDVHGZLWKDKLJKHUEDVHOLQH'$6VFRUH$OLYHU-
QLQLHWDOD൶UPHG WKDW3'V\QRYLWLVFRUUHODWHGZLWK WKHKLVWR-
logical characteristics of synovial tissue in long standing RA pa-
tients in clinical remission. Furthermore, they suggest that US, 
FRXOGEHXVHGLQFRPELQDWLRQZLWK$&5(8/$5UHPLVVLRQFUL-
WHULDWRLGHQWLI\SDWLHQWVOLNHO\WRDFKLHYHGUXJIUHHUHPLVVLRQ71
(O0LHGDQ\HWDOFRQFOXGHGWKDWDVVHVVPHQWZLWKPXVFXORVNHO-
HWDO86ZDVVXSHULRUWR'$6LQSUHGLFWLQJUHODSVHIRU5$SD-
WLHQWVLQUHPLVVLRQ%RWK3'V\QRYLWLVDQGV\QRYLDOK\SHUWURSK\
assessed by grey scale changes were independent predictors of 
UHODSVH,QDGGLWLRQ$&3$SRVLWLYLW\DQGZRUVHQLQJIXQFWLRQDO
disability were helpful when combined with US.55 In contrast to 
WKHSUHYLRXVVWXGLHVSUHOLPLQDU\DQDO\VHVIURPWKH32(7VWXG\
KDYHGHPRQVWUDWHGWKDW86ZDVRQO\DPRGHVWSUHGLFWRURIÀDUH
in the individual patient when combined with clinical measures; 
however it was a better predictor at the group level.72 Ultraso-
nography is not the only imaging technique capable of assess-
LQJVXEFOLQLFDODFWLYLW\VHYHUDOVWXGLHVKDYHFRQ¿UPHGWKDWERQH
marrow oedema on magnetic resonance imaging (MRI) is pre-
dictive of structural damage in the joint.73,74 Brown et al were the 
¿UVW WRGHPRQVWUDWH WKDW VXEFOLQLFDO LQÀDPPDWLRQRQ05,DQG
ultrasound could predict poor radiographic outcomes.54 Krabben 
et al75KDGVLPLODU¿QGLQJVDQG2VWHUJDDUG et al found an associa-
tion between synovial membrane volume (determined by MRI) 
and the rate of progression with bone destruction.76 In contrast, 
D SURVSHFWLYH VWXG\ E\ )ROW] HW DO GLG QRW VXSSRUW WKH ¿QGLQJ
WKDW05,FDQSUHGLFWGLVHDVHSURJUHVVLRQRQO\3'FRXOG1HY-
HUWKHOHVV WKH\EHOLHYHWKDW WKHXVHRIORZ¿HOG05,DQGVKRUW
delay between radiographic assessments could have biased the 
results.77 In spite of promising outcomes, MRI has not entered 
routine practice due to its elevated cost.
Concerning other imaging techniques, computed tomography 
(CT) has generally been discarded as a tool to monitor disease 
activity as it requires high doses of radiation. On the other hand, 
X-rays generally do not seem to be useful for predicting pro-
JUHVVLRQDVWKH\JLYHLQIRUPDWLRQRISDVWLQÀDPPDWLRQ%\WKH
time erosions are seen on X-ray, structural damage has already 
occurred.76 Interestingly, a recent systematic reviewby Twee-
huysen et al found that radiographic erosions, as assessed by 
WKH6KDUS9DQGHU+HLMGHVFRUHZDVZHDNO\SUHGLFWLYHRISUR-
gression probably by identifying more severe or longer duration 
disease.
,Q OLJKWRI WKHVH¿QGLQJV WKHXVHRI VHQVLWLYH LPDJLQJDVVHVV-
ments particularly US, either alone or in combination with clini-
cal assessments could assess remission more objectively and 
represent a starting point to identify the best candidate for bD-
MARD tapering. This strategy is yet to enter routine practice, 
perhaps due to cost and resource allocation.
Immunological Predictors 
In addition to imaging assessments it has been attempted to eval-
uate immune activity using serological tests for a more objective 
assessment of remission. The best studied predictor of relapse 
WRGDWHLV$&3$SRVLWLYLW\7KLVKDVEHHQVWXGLHGLQVHYHUDOE'-
0$5'WDSHULQJVWXGLHV$&3$SRVLWLYLW\FOHDUO\LQGLFDWHGKLJK-
HUULVNRIUHODSVHIROORZLQJGRVHUHGXFWLRQDQGORZHUFKDQFHVRI
maintaining remission status in the RETRO study. Other stud-
ies including BeST, Hit-Hard and preliminary results from the 
32(772VWXG\VXSSRUWWKHVH¿QGLQJV,QFRQWUDVWDVPDOOVWXG\
E\6DOHHPHWDOGLGQRW¿QGWKLVDVVRFLDWLRQ Van der Woude, 
et al conducted a DAS-driven versus a non-DAS-driven dose re-
duction trial with a cohort of more than 500 patients. As well as 
LGHQWLI\LQJWKHDEVHQFHRI$&3$5)DQGVKDUHGHSLWRSHDOOHOHV
were found to be independent predictors for sustained remission. 
7KH\KLJKOLJKWHGWKDW$&3$SRVLWLYHSDWLHQWVLQWKH'$6GULYHQ
cohort had a slightly higher probability of achieving drug-free 
remission, suggesting that DAS-driven therapy could compen-
VDWHWKHGLVDGYDQWDJHRIEHLQJ$&3$SRVLWLYH 
7DQDNDHWDODOVRIRXQGWKDWWKHSUHVHQFHRI5)ZDVDVVRFLDWHG
with lower chance of successful withdrawal of TNFis. This 
¿QGLQJLVDOVRVXSSRUWHGE\WKH5(752'5($0DQG675$66
studies. In a study by El Miedany et al 172 patients re-
ceived either a bDMARD (TNFi, TCZ or ABA) or csDMARD 
which was subsequently tapered or discontinued. After 1 year of 
IROORZXSRISDWLHQWVVKRZHGVHURFRQYHUVLRQGLVDSSHDU-
DQFHRISUHYLRXVO\SRVLWLYH$&3$5)RUERWKDQGDOORIWKHP
NHSWWKHLUUHPLVVLRQVWDWXV55
There has been recent interest in measuring T-cell subsets to 
assess immune activity in RA patients. In a study compar-
ing the characteristics of 47 patients undergoing TNFi tapering, 
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sustained remission was associated with low levels of immuno-
logical abnormalities. More precisely, patients who sustained 
UHPLVVLRQ IRU  PRQWKV SUHVHQWHG D KLJKHU IUHTXHQF\  RI
QDwYH 7FHOOV DQG ORZHU IUHTXHQF\ RI ,QÀDPPDWLRQUHODWHG
Cells (IRC). In addition, the frequency of T-regulatory (Treg) 
cells was higher in the sustained remission group, particularly 
for the CD62L+ subgroup. Interestingly, these proportions were 
GL൵HUHQW IRU WKH SDWLHQWV UHFHLYLQJ HDUO\ DJJUHVVLYH WUHDWPHQW
compared to those whose treatment was delayed, for whom Treg 
frequency was higher.
6WXGLHVRI LPDJLQJDQG LPPXQRORJLFDOELRPDUNHUVQHHG WREH
UHSOLFDWHGLQODUJHUFRKRUWVZLWKDSUHGH¿QHGWDSHULQJSURWRFRO
before they can be considered predictors. Several studies are 
underway (STARA, BioStop-RA, BioRRA), with the aim 
of investigating this.
Other Serum Biomarkers
2QWKHWKHRUHWLFDOEDVLVWKDWORZLQÀDPPDWRU\PDUNHUVRUWLVVXH
LQÀDPPDWLRQ PDUNHUV PLJKW VXJJHVW EHWWHU FRQWURO RI LQÀDP-
PDWRU\GLVHDVHVHUXPPDUNHUVRILQÀDPPDWLRQKDYHDOVREHHQ
studied as predictors of drug-free remission in RA. Although 
PHDVXUHVRI&53DQG(65DUHZLGHO\XVHGWRDVVHVVLQÀDPPD-
WLRQLQ5$WKHVHDUHQRQVSHFL¿FDQGGRQRWDVVHVV WKHORFDO-
LVHG LQÀDPPDWRU\ DFWLYLW\UHODWHG SURFHVVHV VXFK DV VWUXFWXUDO
degradation at the joint level.6 $FRPSRVLWH PXOWLELRPDUNHU
disease activity (MBDA) score has been established to better 
GH¿QHUHPLVVLRQ,WLQYROYHVDWRWDORILQÀDPPDWLRQSDUDP-
HWHUV LQFOXGLQJ PDUNHUV OLQNHG WR WKH DFXWH SKDVH UHVSRQVH
>&53,QWHUOHXNLQ,/DQGVHUXPDP\ORLG6$$@ORFDOWLV-
VXH LQÀDPPDWLRQ PDUNHUV >7XPRXU QHFURVLV IDFWRU UHFHSWRU
(TNFRI), epidermal growth factor (EGF),vascular endothelial 
growth factor-A (VEGF-A) and vascular cell adhesion mol-
HFXOH9&$0H[SUHVVHGE\DFWLYDWHGV\QRYLDO¿EUREODVWV@
ORFDO WLVVXH UHPRGHOOLQJ PDUNHUV>0DWUL[ PHWDOORSURWHLQDVH
DQG003	DQGKXPDQFDUWLODJHJO\FRSURWHLQ<./
DQGDGLSRNLQHVUHVLVWLQDQGOHSWLQ It was initially devel-
RSHGDQGYDOLGDWHGWRFRUUHODWHZLWKWKH'$6&53VFRUH
Several studies have shown an association with high MBDA and 
radiographic progression, two have demonstrated the score 
to be a better predictor for radiological progression than the 
'$6&53VFRUH
Two major bDMARD tapering studies have utilised the MBDA 
score. The RETRO study showed that the MBDA score didnt 
GL൵HUDFFRUGLQJWR$&3$SRVLWLYLW\1HYHUWKHOHVVLIFRPELQHG
ZLWK$&3$WHVWLQJLWFRXOGSUHGLFWWKHUHODSVHRIPRUHWKDQ
of the patients if both were positive. Only double positive or 
GRXEOHQHJDWLYH UHVXOWV IRU$&3$DQG0%'$ZHUHSUHGLFWLYH
RI UHVSHFWLYH UHODSVH RU VXVWDLQHG UHPLVVLRQ 6WULNLQJO\ ZKLOH
MBDA scores were higher at baseline and during a relapse in 
WKHWDSHULQJJURXSVLQWKHQRQWDSHULQJJURXSLWGLGQRWGL൵HU
between relapsing and sustained remission patients. The RET-
52VWXG\DOVRVKRZHGWKDW$&3$DQG0%'$FRQWULEXWHGLQGH-
SHQGHQWO\WRWKHULVNRIUHODSVHGXULQJGRVHUHGXFWLRQDQGLQD
recent study by Hagen et al the combination of MDBA score 
DQG$&3$ VWDWXV DOORZHG IRU VXFFHVVIXO '0$5' WDSHULQJ LQ
patients enrolled on the RETRO study, suggesting that both au-
WRLPPXQLW\DQGLQÀDPPDWLRQDUHLQYROYHGLQWKHULVNRIUHODSVH
of in RA patients undergoing bDMARD tapering. Interestingly, 
QRGL൵HUHQFHZDVUHYHDOHGZKHQ0%'$ZDVUHSODFHGE\&53
ESR, CDAI or SDAI. On the other hand, the DRESS study 
contradicts these results. They showed that neither baseline 
0%'$QRU$&3$ZHUHSUHGLFWLYHRIÀDUHLQWKHWDSHULQJJURXS
but they were in the usual care group. The design of this study 
ZDVGL൵HUHQWIURPWKHRWKHUVGLVFXVVHGZKHUHSDWLHQWVZHUHLQ
LDA rather than remission, with long standing RA.
$GGLWLRQDOHYLGHQFHWRVXSSRUWWKHXVHRIVHURORJLFDOELRPDUN-
ers to predict success of tapering is demonstrated in a study of 
tocilizumab discontinuation for patients with established RA and 
VXVWDLQHG'$6UHPLVVLRQ1LVKRPRWRHWDOIRXQGWKDWVHUXP
,/DQG003OHYHOVZHUHJRRGSUHGLFWRUVRIÀDUHIROORZLQJ
discontinuation of therapy.44
7KHVH¿QGLQJVLQGLFDWHWKDWWKHDVVHVVPHQWRIVXEFOLQLFDOLQÀDP-
mation by laboratory testing may be a useful tool to determine 
ULVNRIÀDUHKLJKULVNFDQGLGDWHVLQZKRPWDSHULQJVKRXOGQRWEH
LQLWLDWHG)XUWKHUZRUNLVQHHGHGWRYDOLGDWHWKHVHELRPDUNHUV$
prospective trial currently in progress (VECTRA-DA) will anal-
yse the MBDA score to evaluate rigorously its potential use in 
patients management.
Serum Drug/anti-Drug Antibody Levels
$ VWXG\ LQ  PRQLWRUHG LQÀL[LPDE WURXJK OHYHO DQWLERGLHV
GXULQJWDSHULQJDFFRUGLQJWR'$6&53PHDVXUHV,WUHYHDOHG
considerable variations between patients. Trough levels tended 
to decrease with the reduction of the medication dose and a low-
HUOHYHORILQÀL[LPDEZDVIRXQGLQWKHSDWLHQWVZLWKDQWLLQÀL[-
LPDE DQWLERGLHV (YHQ WKRXJK WKH '$6 UHPDLQHG UHODWLYHO\
constant for most of the patients before and after dose reduc-
WLRQLQÀL[LPDEOHYHOVZHUHKLJKO\YDULDEOHIURPRQHWRDQRWKHU
0RUHRYHU WKHRQHSDWLHQW WKDWÀDUHGDW WKH¿UVWYLVLWKDGKLJK
LQÀL[LPDEOHYHOVDQGQRDQWLGUXJDQWLERGLHV$QDO\VLVRIWURXJK
levels were retrospective. And a prospective study should be in-
teresting for the prediction of tapering success.
In 2016, another study involving 64 patients receiving ADA as 
WKHLU¿UVWELRORJLFXQGHUZHQWDUHGXFWLRQLQWUHDWPHQWGRVH
DQG ZHUH IROORZHGXS IRU  ZHHNV 0HGLFDWLRQ WURXJK OHYHO
$'$DQWLERGLHVDQGFKDQJHRI'$6&53ZHUHPHDVXUHG,W
VKRZHGWKDW$'$OHYHOVFRUUHODWHGZLWKWKH'$6&53EHIRUH
and after the medication reduction. They also witnessed that pa-
WLHQWVZLWK$'$DQWLERGLHVKDGVLJQL¿FDQWO\ORZHUWURXJKOHY-
els, and also had worse methotrexate compliance. All of them 
relapsed during the study. A more recent study evaluated base-
line ADA, ETN and IFX drug levels and their antibodies during 
dose reduction. It revealed that they were not predictive of suc-
cess for reduction or discontinuation of treatment. One possible 
exception could be the high ADA trough levels. The predictive 
YDOXHRIPHDVXULQJ$'$GUXJOHYHOVZDVQRWFRQ¿UPHGLQWKH
STRASS study.31
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Other Predictors
In relation toTNFi treatments, it has been suggested that TNF 
gene polymorphisms and variability of TNFi response may pre-
dict better drug responsiveness and better chance for tapering.57
As previously mentioned, Schett et al suggest that the attainment 
of deep remission requires the achievement of remission at mul-
WLSOHOHYHOV7KLVLQFOXGHVUHPLVVLRQGH¿QHGE\FOLQLFDODVVHVV-
PHQWV LPDJLQJ DVVHVVPHQWV 8605, VHURORJLFDO DEVHQFH
RI LQÀDPPDWLRQ QRUPDO LQÀDPPDWRU\ PDUNHUV DQG QHJDWLYH
DXWRDQWLERGLHVIRU5)DQG$&3$7KLVFRXOGSRWHQWLDOO\IRUP
WKHEDVLVRIR൵HULQJWDSHULQJLQWKHIXWXUHKRZHYHUWKHUHDUHFXU-
rently no studies assessing the predictive value of deepremission 
for successful tapering of bDMARDs.
CONCLUSION
Evidence supports that tapering or discontinuation of bDMARDs 
is feasible in a sub-set of patients who have achieved clinical re-
PLVVLRQKRZHYHUWKHLGHDOSDWLHQWSUR¿OHLV\HWWREHGH¿QHG
%LRPDUNHUEDVHGSUHGLFWLRQLVQRW\HWUHDG\IRUFOLQLFDOSUDFWLFH
therefore we are obliged to continue to use clinical remission 
criteria, in-line with national guidance. It is therefore critical to 
LGHQWLI\PRUHUREXVWELRPDUNHUVDQGYDOLGDWHH[LVWLQJELRPDUN-
ers, towards providing targeted treatment. This would be better 
than current disease activity guided tapering methods, which are 
based on trial and error. Achieving a state of deep remission, fol-
lowed by gradual tapering of bDMARD appears to be the most 
logical approach, followed by csDMARD tapering.
,QFOLQLFDOSUDFWLFHDSUDJPDWLFDSSURDFKVKRXOGEHWDNHQZKHQ
WDSHULQJE'0$5'VZLWKWKHEHQH¿WVRIEHLQJLQVWDEOHUHPLV-
VLRQZHLJKHGDJDLQVWWKHSRWHQWLDOULVNRIRYHUWUHDWPHQWVDIHW\
concerns and costs. It is recommended that strict disease activ-
LW\PRQLWRULQJDQGSDWLHQWHGXFDWLRQRQUHFRJQLVLQJÀDUHVKRXOG
also be employed. Future tapering studies may provide new 
insights into disease pathogenesis and disease course. Further 
ZRUNLVQHHGHGWRH[SORUHWKHUROHRIJHQHWLFDQGHQYLURQPHQ-
tal factors that allow re-establishment of immune tolerance. We 
VKRXOGDOVRFRQVLGHU WKHSUHVHQFHH[WUDDUWLFXODU LQÀDPPDWLRQ
in patients who are in clinical remission, since patients may ben-
H¿W IURPRQJRLQJ WKHUDS\ WRSUHYHQW FDUGLRYDVFXODUPRUWDOLW\
7KHUHIRUH ELRPDUNHUV RI V\VWHPLF LQÀDPPDWLRQ PD\ SURYLGH
added value, when assessing the remission status of RA patients.
CONFLICTS OF INTEREST
7KHDXWKRUVGHFODUHWKDWWKH\KDYHQRFRQÀLFWVRILQWHUHVW
REFERENCES
1. Lee DM, Weinblatt ME. Rheumatoid arthritis. Lancet. 2001; 
GRL6 
 3HOXVR * 0LFKHOXWWL$ %RVHOOR 6 *UHPHVH (7ROXVVR %
Ferraccioli G. Clinical and ultrasonographic remission deter-
PLQHV GL൵HUHQW FKDQFHV RI UHODSVH LQ HDUO\ DQG ORQJ VWDQGLQJ
rheumatoid arthritis. Ann Rheum Dis. 2011; 70(1): 172-175. doi: 
DUG
0F,QQHV,%/LHZ)<&\WRNLQHQHWZRUNVWRZDUGVQHZWKHU-
apies for rheumatoid arthritis. Nat Clin Pract Rheumatol. 2005; 
GRLQFSUKHXP
1DWLRQDO$XGLW2൶FH6HUYLFHVIRU3HRSOHZLWK5KHXPDWRLG
Arthritis. 2017; Web site. KWWSVZZZQDRRUJXNZSFRQWHQW
XSORDGVSGI. Accessed January 2, 2017.
)UDQNH/&$PHQW$-YDQGH/DDU0$%RRQHQ$6HYHUHQV
-/&RVWRILOOQHVVRIUKHXPDWRLGDUWKULWLVDQGDQN\ORVLQJVSRQ-
dylitis. Clin Exp Rheumatol6XSSO66
 6FKHWW * (PHU\ 3 7DQDND< HW DO 7DSHULQJ ELRORJLF DQG
conventional DMARD therapy in rheumatoid arthritis: current 
evidence and future directions. Ann Rheum Dis  
GRLDQQUKHXPGLV
)UDQVHQ-YDQ5LHO3/'$6UHPLVVLRQFXWSRLQWVClin Exp 
Rheumatol6XSSO6
 6PROHQ -6 /DQGHZH 5 %UHHGYHOG )& HW DO (8/$5 UHF-
ommendations for the management of rheumatoid arthritis with 
synthetic and biological disease-modifying antirheumatic drugs: 
2013 update. Ann Rheum Dis
6PROHQ-6$OHWDKD'%LMOVPD-:HWDO7UHDWLQJ UKHXPD-
WRLGDUWKULWLVWRWDUJHWUHFRPPHQGDWLRQVRIDQLQWHUQDWLRQDOWDVN
force. Ann Rheum Dis    GRL 
DUG 
10. Aga AB, Lie E, Uhlig T, et al. Time trends in disease activity, 
response and remission rates in rheumatoid arthritis during the 
past decade: Results from the NOR-DMARD study 2000-2010. 
Ann Rheum DisGRLDQQUKHXP-
dis-2013-204020 
$OEUHFKW.&DOOKR൵-(GHOPDQQ(6FKHWW*6FKQHLGHU0
=LQN$&OLQLFDOUHPLVVLRQLQUKHXPDWRLGDUWKULWLV'DWDIURPWKH
HDUO\DUWKULWLVFRKRUWVWXG\&$3($=eitschrift fur Rheumatolo-
gieGRLV
12. Combe B, Rincheval N, Benessiano J, et al. Five-year fa-
vorable outcome of patients with early rheumatoid arthritis in 
WKHV'DWDIURPWKH(632,5FRKRUWJ Rheumatol. 2013; 
40(10): 1650-1657. doi: MUKHXP 
YDQGHQ%URHN0+XL]LQJD7:'LMNPDQV%$$OODDUW&)
Drug-free remission: Is it already possible? Curr Opin Rheumatol. 
2011; 23(3): 266-272. doi: %25EHH
14. Aletaha D, Landewe R, Karonitsch T, et al. Reporting disease 
activity in clinical trials of patients with rheumatoid arthritis: 
(8/$5$&5FROODERUDWLYHUHFRPPHQGDWLRQVArthritis Rheum. 
GRLDUG 
Page 13
Reviews Press
Rev Press. 2017; 1(1): 6-18. doi: 10.28964/RevPress-1-102
15. OMahony R, Richards A, Deighton C, Scott D. With-
drawal of disease-modifying antirheumatic drugs in patients 
with rheumatoid arthritis: A systematic review and meta-anal-
ysis. Ann Rheum DisGRL
DUG
16. Nagy G, van Vollenhoven RF. Sustained biologic-free and 
drug-free remission in rheumatoid arthritis, where are we now? 
Arthritis Res Ther    GRL V
0707-1
17. Singh JA, Saag KG, Bridges SL Jr., et al. 2015 American 
College of Rheumatology guideline for the treatment of rheu-
matoid Arthritis. Arthritis Rheumatol    GRL
DUW 
9HUKRHI/07ZHHKX\VHQ/+XOVFKHU0()DXWUHO%GHQ
Broeder AA. bDMARD dose reduction in rheumatoid arthritis: 
A narrative review with systematic literature search. Rheumatol 
Ther. 2017; 4(1): 1-24. doi: V
%RQJDUW]76XWWRQ$-6ZHHWLQJ0-%XFKDQ ,0DWWHVRQ
EL, Montori V. Anti-TNF antibody therapy in rheumatoid arthri-
WLVDQGWKHULVNRIVHULRXVLQIHFWLRQVDQGPDOLJQDQFLHVV\VWHP-
DWLFUHYLHZDQGPHWDDQDO\VLVRIUDUHKDUPIXOH൵HFWVLQUDQGRP-
ized controlled trials. JAMA    GRL
MDPD
6LQJK-$:HOOV*$&KULVWHQVHQ5HWDO$GYHUVHH൵HFWV
RI ELRORJLFV $ QHWZRUN PHWDDQDO\VLV DQG FRFKUDQH RYHU-
view. Cochrane Database Syst Rev  &G GRL
&' 
21. Fautrel B, Den Broeder AA. De-intensifying treatment in 
established rheumatoid arthritis (RA): Why, how, when and in 
whom can DMARDs be tapered? Best Pract Res Clin Rheuma-
tolGRLMEHUK
7DQDND<+LUDWD66DOHHP%(PHU\3'LVFRQWLQXDWLRQRI
biologics in patients with rheumatoid arthritis. Clin Exp Rheu-
matol6XSSO6
+XJKHV/''RQH-<RXQJ$$LWHPYHUVLRQRIWKH&RP-
SOLDQFH 4XHVWLRQQDLUH IRU 5KHXPDWRORJ\ &45 VXFFHVVIXOO\
LGHQWL¿HVORZDGKHUHQFHWR'0$5'VBMC Musculoskelet Dis-
ordGRL 
*ULMDOYD&*&KXQJ&3$UERJDVW3*6WHLQ&00LWFKHO
()-U*UL൶Q05$VVHVVPHQWRIDGKHUHQFHWRDQGSHUVLVWHQFH
on disease-modifying antirheumatic drugs (DMARDs) in pa-
tients with rheumatoid arthritis. Med Care. 2007; 45(10 Supl 2): 
S66-S76. doi: 0/5EHF
25. Betegnie AL, Gauchet A, Lehmann A, et al. Why do patients 
ZLWKFKURQLFLQÀDPPDWRU\UKHXPDWLFGLVHDVHVGLVFRQWLQXHWKHLU
biologics? An assessment of patients adherence using a self-
report questionnaire. J Rheumatol. 2016; 43(4): 724-730. doi: 
MUKHXP
1HVWRURY,&OLQLFDOSKDUPDFRNLQHWLFVRIWXPRUQHFURVLVIDF-
tor antagonists. J Rheumatol Suppl.
27. Chan CK, Holroyd CR, Mason A, Zarroug J, Edwards CJ. Are 
there dangers in biologic dose reduction strategies? Autoimmun 
Rev. 2016; 15(7): 742-746. doi: MDXWUHY
9LQFHQW)%0RUDQG()0XUSK\.0DFND\)0DULHWWH;
Marcelli C. Antidrug antibodies (ADAb) to tumour necrosis fac-
WRU71)VSHFL¿FQHXWUDOLVLQJDJHQWV LQFKURQLF LQÀDPPDWRU\
diseases: a real issue, a clinical perspective. Ann Rheum Dis. 
GRLDQQUKHXPGLV 
YDQ+HUZDDUGHQ1GHQ%URHGHU$$-DFREV:HWDO'RZQ
titration and discontinuation strategies of tumor necrosis factor-
EORFNLQJDJHQWVIRUUKHXPDWRLGDUWKULWLVLQSDWLHQWVZLWKORZGLV-
ease activity. Cochrane Database Syst Rev&G
doi: &'SXE 
6PROHQ-61DVK3'XUH]3HWDO0DLQWHQDQFHUHGXFWLRQ
or withdrawal of etanercept after treatment with etanercept 
and methotrexate in patients with moderate rheumatoid arthri-
WLV35(6(59($UDQGRPLVHGFRQWUROOHGWULDOLancet. 2013; 
GRL6;   
 )DXWUHO % 3KDP 7 $OIDLDWH 7 HW DO 6WHSGRZQ VWUDWHJ\
RI VSDFLQJ 71)EORFNHU LQMHFWLRQV IRU HVWDEOLVKHG UKHXPDWRLG
arthritis in remission: Results of the multicentre non-inferior-
ity randomised open-label controlled trial (STRASS: Spacing 
RI 71)EORFNHU LQMHFWLRQV LQ 5KHXPDWRLG $UWKULWL6 6WXG\
Ann Rheum Dis    GRL DQQUKHXP-
GLV
32. van Herwaarden N, van der Maas A, Minten MJ, et al. Dis-
ease activity guided dose reduction and withdrawal of adali-
mumab or etanercept compared with usual care in rheumatoid 
arthritis: open label, randomised controlled, non-inferiority trial. 
BMJKGRLEPMK 
33. van Vollenhoven RF, Ostergaard M, Leirisalo-Repo M, et 
al. Full dose, reduced dose or discontinuation of etanercept in 
rheumatoid arthritis. Ann Rheum DisGRL
DQQUKHXPGLV
 *KLWL 0RJKDGDP 09RQNHPDQ +(7HQ .ORRVWHU 30 HW
al. Stopping tumor necrosis factor inhibitor treatment in pa-
tients with established rheumatoid arthritis in remission or with 
stable low disease activity: A pragmatic multicenter, open-label 
randomized controlled trial. Arthritis Rheumatol  
GRLDUW 
35. Chatzidionysiou K, Turesson C, Teleman A, et al. A mul-
ticentre, randomised, controlled, open-label pilot study on the 
feasibility of discontinuation of adalimumab in established pa-
tients with rheumatoid arthritis in stable clinical remission. RMD 
Page 14
Reviews Press
Rev Press. 2017; 1(1): 6-18. doi: 10.28964/RevPress-1-102
open. 2016; 2(1): e000133. doi: UPGRSHQ 
4XLQQ0$&RQDJKDQ3*2¶&RQQRU3-HWDO9HU\HDUO\
WUHDWPHQWZLWK LQÀL[LPDE LQDGGLWLRQ WRPHWKRWUH[DWH LQHDUO\
poor-prognosis rheumatoid arthritis reduces magnetic resonance 
imaging evidence of synovitis and damage, with sustained ben-
H¿W DIWHU LQÀL[LPDE ZLWKGUDZDO 5HVXOWV IURP D WZHOYHPRQWK
randomized, double-blind, placebo-controlled trial. Arthritis 
Rheum. 2005; 52(1): 27-35. doi: DUW
7DQDND<7DNHXFKL70LPRUL7HWDO'LVFRQWLQXDWLRQRI
LQÀL[LPDE DIWHU DWWDLQLQJ ORZ GLVHDVH DFWLYLW\ LQ SDWLHQWV ZLWK
rheumatoid arthritis: RRR (remission induction by Remicade 
in RA) study. Ann Rheum Dis    GRL
DUG
1DP-/9LOOHQHXYH(+HQVRU(0HWDO5HPLVVLRQLQGXF-
WLRQ FRPSDULQJ LQÀL[LPDE DQG KLJKGRVH LQWUDYHQRXV VWHURLG
followed by treat-to-target: A double-blind, randomised, con-
trolled trial in new-onset, treatment-naive, rheumatoid arthri-
tis (the IDEA study). Ann Rheum DisGRL
DQQUKHXPGLV 
'HWHUW-%DVWLDQ+/LVWLQJ-HWDO,QGXFWLRQWKHUDS\ZLWK
DGDOLPXPDESOXVPHWKRWUH[DWHIRUZHHNVIROORZHGE\PHWKR-
WUH[DWHPRQRWKHUDS\XSWRZHHNYHUVXVPHWKRWUH[DWHWKHUDS\
alone for DMARD-naive patients with early rheumatoid arthri-
tis: HIT HARD, an investigator-initiated study. Ann Rheum Dis. 
GRLDQQUKHXPGLV 
6PROHQ-6(PHU\3)OHLVFKPDQQ5HWDO$GMXVWPHQWRI
therapy in rheumatoid arthritis on the basis of achievement of 
stable low disease activity with adalimumab plus methotrex-
DWHRUPHWKRWUH[DWHDORQHWKHUDQGRPLVHGFRQWUROOHG237,0$
trial. Lancet    GRL 6
6736(13)61751-1 
7DQDND<+LUDWD6.XER6HWDO'LVFRQWLQXDWLRQRIDGDOL-
mumab after achieving remission in patients with established 
rheumatoid arthritis: 1-year outcome of the HONOR study. 
Ann Rheum DisGRLDQQUKHXP-
dis-2013-204016 
42. Nam JL, Villeneuve E, Hensor EM, et al. A randomised 
controlled trial of etanercept and methotrexate to induce re-
PLVVLRQLQHDUO\LQÀDPPDWRU\DUWKULWLVWKH(03,5(WULDOAnn 
Rheum Dis. 2014; 73(6): 1027-1036. doi: DQQUKHXP-
GLV
 6PROHQ -6 (PHU\ 3 )HUUDFFLROL *) HW DO &HUWROL]XPDE
pegol in rheumatoid arthritis patients with low to moderate activ-
ity: the CERTAIN double-blind, randomised, placebo-controlled 
trial. Ann Rheum Dis    GRL DQ-
nrheumdis-2013-204632 
 1LVKLPRWR 1 $PDQR . +LUDED\DVKL < HW DO 'UXJ IUHH
5(PLVVLRQORZ GLVHDVH DFWLYLW\ DIWHU FHVVDWLRQ RI WRFLOL]XPDE
(Actemra) Monotherapy (DREAM) study. Mod Rheumatol. 
2014; 24(1): 17-25. doi:  
 (PHU\ 3 %XUPHVWHU *5 %\NHUN 93 HW DO (YDOXDWLQJ
drug-free remission with abatacept in early rheumatoid arthri-
tis: results from the phase 3b, multicentre, randomised, active-
controlled AVERT study of 24 months, with a 12-month, double-
blind treatment period. Ann Rheum DisGRL
DQQUKHXPGLV 
 (PHU\ 3 +DPPRXGHK 0 )LW]*HUDOG 2 HW DO$VVHVVLQJ
maintenance of reimssion with reduced dose etanercept plus 
methotrexate, methotrexate alone, or placebo in patients with 
early rheumatoid arthirtis who achieved remission with etaner-
FHSWDQGPHWKRWUH[DWH7KH35,=(VWXG\N Engl J Med. 2014; 
GRL1(-0RD
YDQGHQ%URHN0.ODUHQEHHN1%'LUYHQ/HWDO'LVFRQ-
WLQXDWLRQRILQÀL[LPDEDQGSRWHQWLDOSUHGLFWRUVRISHUVLVWHQWORZ
disease activity in patients with early rheumatoid arthritis and 
disease activity score-steered therapy: subanalysis of the BeSt 
study. Ann Rheum DisGRL
ard.2010.147751 
.ODUHQEHHN1%YDQGHU.RRLM60*XOHU<XNVHO0HWDO
Discontinuing treatment in patients with rheumatoid arthritis 
in sustained clinical remission: Exploratory analyses from the 
BeSt study. Ann Rheum DisGRL
ard.2010.136556 
+DVFKND-(QJOEUHFKW0+XHEHU$-HWDO5HODSVHUDWHVLQ
patients with rheumatoid arthritis in stable remission tapering 
or stopping antirheumatic therapy: interim results from the pro-
spective randomised controlled RETRO study. Ann Rheum Dis. 
2016; 75(1): 45-51. doi: DQQUKHXPGLV
50. Westhovens R, Robles M, Ximenes AC, et al. Maintenance 
of remission following 2 years of standard treatment then dose 
reduction with abatacept in patients with early rheumatoid ar-
thritis and poor prognosis. Ann Rheum Dis. 2015; 74(3): 564-
GRLDQQUKHXPGLV 
51. Arnett FC, Edworthy SM, Bloch DA, et al. The American 
5KHXPDWLVP$VVRFLDWLRQUHYLVHGFULWHULDIRUWKHFODVVL¿FD-
tion of rheumatoid arthritis. Arthritis Rheum
324. doi: DUW
52. Kavanaugh A, Smolen JS. The when and how of biologic 
agent withdrawal in rheumatoid arthritis: Learning from large 
randomised controlled trials. Clin Exp Rheumatol. 2013; 31(4 
6XSSO6
%URZQ$.4XLQQ0$.DULP=HWDO3UHVHQFHRIVLJQL¿-
cant synovitis in rheumatoid arthritis patients with disease-mod-
ifying antirheumatic drug-induced clinical remission: Evidence 
from an imaging study may explain structural progression. Ar-
thritis Rheum. 2006; 54(12): 3761-3773. doi:DUW
Page 15
Reviews Press
Rev Press. 2017; 1(1): 6-18. doi: 10.28964/RevPress-1-102
%URZQ$.&RQDJKDQ3*.DULP=HWDO$QH[SODQDWLRQIRU
the apparent dissociation between clinical remission and con-
tinued structural deterioration in rheumatoid arthritis. Arthritis 
RheumGRLDUW 
(O0LHGDQ\<(O*DDIDU\0<RXVVHI6HWDO2SWLPL]LQJ
WKHUDS\LQLQÀDPPDWRU\DUWKULWLVSUHGLFWLRQRIUHODSVHDIWHUWD-
pering or stopping treatment for rheumatoid arthritis patients 
achieving clinical and radiological remission. Clin Rheumatol. 
GRLV
 5RVV -6 6ORGNRZVND ($ 6\PPDQV:) 3XV]WDL / 5DY-
GLQ30+RUWREDJ\L*17KH+(5UHFHSWRUDQGEUHDVWFDQ-
cer: ten years of targeted anti-HER-2 therapy and personalized 
medicine. The oncologistGRL
WKHRQFRORJLVW
/LX'<XDQ1<X*6RQJ*&KHQ<&DQUKHXPDWRLGDU-
thritis ever cease to exist: A review of various therapeutic mo-
dalities to maintain drug-free remission? Am J Transl Res. 2017; 

/DPHUV.DUQHEHHN)%*-DFREV+)UDQVHQ-/XLPH-5LHO
3-DQVHQ77+8WKHSRHWXVVWXG\&DQXOWUDVRQRJUDSK\
SUHGLFWÀDUH LQSDWLHQWVZLWK UD DQGSHUVLVWHQW ORZGLVHDVH DF-
WLYLW\LQZKRPWKHWQ¿QKLELWRU71),LVVWRSSHG"3UHOLPLQDU\
results of an ongoing study. Annals of the Rheumatic Diseases. 
2013; 72(Suppl 3): A214-A214. doi: DQQUKHXPGLV
HXODU
4XLQQ0$(PHU\3:LQGRZRIRSSRUWXQLW\LQHDUO\UKHX-
PDWRLGDUWKULWLV3RVVLELOLW\RIDOWHULQJWKHGLVHDVHSURFHVVZLWK
early intervention. Clin Exp Rheumatol. 2003; 21(5 Suppl 31): 
S154-S157. 
60. Boers M. Understanding the window of opportunity con-
cept in early rheumatoid arthritis. Arthritis Rheum
1771-1774. doi: DUW
61. Aletaha D, Funovits J, Keystone EC, Smolen JS. Disease 
activity early in the course of treatment predicts response to 
therapy after one year in rheumatoid arthritis patients. Arthritis 
Rheum. 2007; 56(10): 3226-3235. doi: DUW
7DNHXFKL7%LRPDUNHUVDVDWUHDWPHQWJXLGHLQUKHXPDWRLG
arthritis. Clin Immunol. 2017. pii: S1521-6616(17)30521-1 doi: 
MFOLP
 %DUUDO & +' )DXWUHO % /D൵RUJXH 3 7XEDFK ) 3KDP 7
Development of a predictive score of successful TNF inhibitor 
tapering in patients with rheumatoid arthritis remission. Arthritis 
Rheum6XSSO
64. Ben Abdelghani K, Miladi S, Souabni L, et al. Role of ultra-
sound in assessing remission in rheumatoid arthritis. Diagn In-
terv ImagingGRLMGLLL
 1JX\HQ + 5X\VVHQ:LWUDQG$ *DQGMEDNKFK ) &RQVWDQ-
WLQ$)ROW]9&DQWDJUHO$3UHYDOHQFHRIXOWUDVRXQGGHWHFWHG
UHVLGXDOV\QRYLWLVDQGULVNRIUHODSVHDQGVWUXFWXUDOSURJUHVVLRQ
in rheumatoid arthritis patients in clinical remission: A system-
atic review and meta-analysis. Rheumatology (Oxford). 2014; 
GRLUKHXPDWRORJ\NHX
5D൵HLQHU%*ULVDQ(%RWVLRV&HWDO*UDGHDQGORFDWLRQ
of power Doppler are predictive of damage progression in rheu-
matoid arthritis patients in clinical remission by anti-tumour ne-
crosis factor alpha. Rheumatology (Oxford)
1325. doi: UKHXPDWRORJ\NH[
6DOHHP%%URZQ$.4XLQQ0HWDO&DQÀDUHEHSUHGLFWHG
in DMARD treated RA patients in remission, and is it impor-
tant? A cohort study. Ann Rheum Dis
doi: DQQUKHXPGLV 
6FLUH&$0RQWHFXFFR&&RGXOOR9(SLV27RGRHUWL0
Caporali R. Ultrasonographic evaluation of joint involvement 
LQHDUO\UKHXPDWRLGDUWKULWLVLQFOLQLFDOUHPLVVLRQ3RZHU'RS-
pler signal predicts short-term relapse. Rheumatology (Oxford). 
GRLUKHXPDWRORJ\NHS 
,ZDPRWR7,NHGD.+RVRNDZD-HWDO3UHGLFWLRQRIUHODSVH
after discontinuation of biologic agents by ultrasonographic as-
sessment in patients with rheumatoid arthritis in clinical remis-
sion: high predictive values of total gray-scale and power Dop-
SOHUVFRUHVWKDWUHSUHVHQWUHVLGXDOV\QRYLDOLQÀDPPDWLRQEHIRUH
discontinuation. Arthritis Care Res (Hoboken). 2014; 66(10): 
GRLDFU
70. Colebatch AN, Edwards CJ, Ostergaard M, et al. EULAR 
recommendations for the use of imaging of the joints in the clini-
cal management of rheumatoid arthritis. Ann Rheum Dis. 2013; 
GRLDQQUKHXPGLV 
$OLYHUQLQL63HOXVR*)HGHOH$/7ROXVVR%*UHPHVH(
)HUUDFFLROL*7DSHULQJDQGGLVFRQWLQXDWLRQRI71)DOSKDEORFN-
ers without disease relapse using ultrasonography as a tool to 
identify patients with rheumatoid arthritis in clinical and histo-
logical remission. Arthritis Res TherGRL
V] 
/DPHUV.DUQHEHHN)%/XLPH--7HQ&DWH')HWDO/LP-
LWHGYDOXHIRUXOWUDVRQRJUDSK\LQSUHGLFWLQJÀDUHLQUKHXPDWRLG
arthritis patients with low disease activity stopping TNF in-
hibitors. Rheumatology (OxfordGRL
UKHXPDWRORJ\NH[ 
0F4XHHQ)0%HQWRQ13HUU\'HWDO%RQHHGHPDVFRUHG
on magnetic resonance imaging scans of the dominant carpus at 
presentation predicts radiographic joint damage of the hands and 
feet six years later in patients with rheumatoid arthritis. Arthritis 
RheumGRLDUW
%HQWRQ16WHZDUW1&UDEEH-5RELQVRQ(<HRPDQ60F-
Page 16
Reviews Press
Rev Press. 2017; 1(1): 6-18. doi: 10.28964/RevPress-1-102
4XHHQ)005,RIWKHZULVWLQHDUO\UKHXPDWRLGDUWKULWLVFDQEH
used to predict functional outcome at 6 years. Ann Rheum Dis. 
2004; 63(5): 555-561. doi:  DUG 
75. Krabben A, Stomp W, van Nies JA, et al. MRI-detected 
VXEFOLQLFDO MRLQW LQÀDPPDWLRQ LV DVVRFLDWHG ZLWK UDGLRJUDSKLF
progression. Ann Rheum Dis. 2014; 73(11): 2034-2037. doi: 
DQQUKHXPGLV 
76. Ostergaard M, Hansen M, Stoltenberg M, et al. Magnetic 
resonance imaging-determined synovial membrane volume 
DV D PDUNHU RI GLVHDVH DFWLYLW\ DQG D SUHGLFWRU RI SURJUHV-
sive joint destruction in the wrists of patients with rheuma-
toid arthritis. Arthritis Rheum    GRL
$,'$15! 
3.0.CO;2-2
)ROW]9*DQGMEDNKFK)(WFKHSDUH)HWDO3RZHU'RSSOHU
XOWUDVRXQGEXWQRWORZ¿HOGPDJQHWLFUHVRQDQFHLPDJLQJSUH-
dicts relapse and radiographic disease progression in rheuma-
toid arthritis patients with low levels of disease activity. Arthritis 
Rheum. 2012; 64(1): 67-76. doi: DUW
7ZHHKX\VHQ/YDQGHQ(QGH&+%HHUHQ)0%HHQ(0
van den Hoogen FH, den Broeder AA. Little evidence for use-
IXOQHVVRIELRPDUNHUV IRUSUHGLFWLQJVXFFHVVIXOGRVH UHGXFWLRQ
or discontinuation of a biologic agent in rheumatoid arthritis: A 
systematic review. Arthritis RheumGRL
DUW
6DOHHP%.HHQ+*RHE9HWDO3DWLHQWVZLWK5$LQUH-
PLVVLRQRQ71)EORFNHUV:KHQDQGLQZKRPFDQ71)EORFNHU
therapy be stopped? Ann Rheum Dis
doi: DUG
0DUNV-/+ROUR\G&5'LPLWURY%'HWDO'RHVFRPELQHG
clinical and ultrasound assessment allow selection of individuals 
with rheumatoid arthritis for sustained reduction of anti-tumor 
necrosis factor therapy? Arthritis care research. 2015; 67(6): 
746-753. doi: DFU
YDQGHU:RXGH'9LVVHU..ODUHQEHHN1%HWDO6XVWDLQHG
drug-free remission in rheumatoid arthritis after DAS-driven or 
non-DAS-driven therapy: A comparison of two cohort studies. 
Rheumatology (Oxford)GRL
UKHXPDWRORJ\NHU 
7DQDND<+LUDWD6,QWHQVLYHLQWHUYHQWLRQFDQOHDGWRDWUHDW-
ment holiday from biological DMARDs in patients with rheu-
matoid arthritis. DrugsGRL
s40265-014-0323-4 
%XUJR\QH&+)LHOG6/%URZQ$.HWDO$EQRUPDO7FHOO
GL൵HUHQWLDWLRQ SHUVLVWV LQ SDWLHQWV ZLWK UKHXPDWRLG DUWKULWLV LQ
clinical remission and predicts relapse. Ann Rheum Dis
67(6): 750-757. doi: DUG
 3RQFKHO ) *RHE 9 3DUPDU 5 HW DO $Q LPPXQRORJL-
FDO ELRPDUNHU WR SUHGLFW 07; UHVSRQVH LQ HDUO\ 5$ Ann 
Rheum Dis. 2014; 73(11): 2047-2053. doi: DQQUKHXP-
dis-2013-203566 
*HRUJHWRZQ8QLYHUVLW\6SRQVRU6WRSSLQJ71)DOSKDLQKLE-
itors in rheumatoid arthritis (STARA). Web site. ClinicalTrials.
govLGHQWL¿HU1&7
 0HGLFDO 8QLYHUVLW\ RI *UD] 6SRQVRU 8OWUDVRXQG DV ELR-
PDUNHU IRU ZLWKGUDZDO RI ELRORJLFDO '0$5'V LQ UKHXPDWRLG
arthritis (RA-BioStop). Web site. ClinicalTrials.gov LGHQWL¿HU
NCT016023022012, 2012.
 1HZFDVWOHXSRQ7\QH +RVSLWDOV 1+6 7UXVW 6 %LRPDUN-
ers of Remission in Rheumatoid Arthritis (BioRRA). Web site. 
ClinicalTrials.govLGHQWL¿HU1&7
5HFK-+XHEHU$-)LQ]HO6HWDO3UHGLFWLRQRIGLVHDVHUH-
ODSVHVE\PXOWLELRPDUNHUGLVHDVHDFWLYLW\DQGDXWRDQWLERG\VWD-
tus in patients with rheumatoid arthritis on tapering DMARD 
treatment. Ann Rheum Dis    GRL
DQQUKHXPGLV 
&XUWLV-5YDQGHU+HOPYDQ0LO$+.QHYHO5HWDO9DOLGD-
WLRQRIDQRYHOPXOWLELRPDUNHUWHVWWRDVVHVVUKHXPDWRLGDUWKULWLV
disease activity. Arthritis Care Res (Hoboken). 2012; 64(12): 
GRLDFU 
&HQWROD0&DYHW*6KHQ<HWDO'HYHORSPHQWRIDPXOWL
ELRPDUNHU GLVHDVH DFWLYLW\ WHVW IRU UKHXPDWRLG DUWKULWLV PLoS 
OneHGRLMRXUQDOSRQH
 YDQGHU+HOPYDQ0LO$+.QHYHO5&DYHW*+XL]LQJD
TW, Haney DJ. An evaluation of molecular and clinical re-
mission in rheumatoid arthritis by assessing radiographic pro-
gression. Rheumatology (Oxford)    GRL
UKHXPDWRORJ\NHV 
0DUNXVVH,0'LUYHQ/YDQGHQ%URHN0HWDO$PXOWLELR-
PDUNHU GLVHDVH DFWLYLW\ VFRUH IRU UKHXPDWRLG DUWKULWLV SUHGLFWV
radiographic joint damage in the BeSt study. J rheumatol. 2014; 
GRLMUKHXP 
&XUWLV-5:ULJKW*&6WUDQG9'DYLV&6+LWUD\D(6DVVR
(+5HDQDO\VLVRIWKHPXOWLELRPDUNHUGLVHDVHDFWLYLW\VFRUHIRU
assessing disease activity in the abatacept versus adalimumab 
comparison in biologic-naive rheumatoid arthritis subjects with 
EDFNJURXQG PHWKRWUH[DWH VWXG\ &RPPHQW RQ WKH DUWLFOH E\
Fleischmann, et al. Arthritis Rheumatol
doi: DUW 
+DJHQ0(0+DVFKND-5HLVHU0HWDO0XOWLELRPDUNHU
GLVHDVHDFWLYLW\DQGDXWRDQWLERG\VWDWXVOHDGWRFRVWH൵HFWLYHWD-
pering algorithms in rheumatoid arthritis patients in sustained 
UHPLVVLRQ>$EVWUDFW@Arthritis RheumatolVXSSO
Page 17
Reviews Press
Rev Press. 2017; 1(1): 6-18. doi: 10.28964/RevPress-1-102
&UHVFHQGR%LRVFLHQFHVSRQVRU3URVSHFWLYHRXWFRPHVVWXG\
Vectra DA guided care compared to usual care. Web site. Clini-
calTrials.govLGHQWL¿HU1&7
YDQGHQ%HPW%-GHQ%URHGHU$$6QLMGHUV*)HWDO6XV-
WDLQHGH൵HFWDIWHUORZHULQJKLJKGRVHLQÀL[LPDELQSDWLHQWVZLWK
rheumatoid arthritis: a prospective dose titration study. Annals of 
the rheumatic diseasesGRL
DUG
 &KHQ '< &KHQ<0 +VLHK7< HW DO 'UXJ WURXJK OHYHOV
predict therapeutic responses to dose reduction of adalimumab 
IRUUKHXPDWRLGDUWKULWLVSDWLHQWVGXULQJZHHNVRIIROORZXS
Rheumatology (Oxford, England)    GRL
UKHXPDWRORJ\NHY
 %RXPDQ & YDQ +HUZDDUGHQ 1 YDQ GHQ +RRJHQ ) YDQ
GHU0DDV$YDQGHQ%HPW%GHQ%URHGHU$$3UHGLFWLRQRI
successful dose reduction or discontinuation of adalimumab, 
HWDQHUFHSW RU LQÀL[LPDE LQ UKHXPDWRLG DUWKULWLV SDWLHQWV XV-
ing serum drug levels and antidrug antibody measurement. 
Expert Opin Drug Metab Toxicol.    GRL

Page 18
